The pea crab Orthotheres barbatus is one of seven species of the family Pinnotheridae reported from Venezuelan marine waters. Larval life histories are not known for any species of the genus Orthotheres. Ten ovigerous females of O. barbatus were obtained from their host gastropod, Cittarium pica, at Los Roques Archipelago, Venezuela. Larvae of O. barbatus were reared in the laboratory from hatching to the first crab stage. This species exhibits abbreviated development in both the number of larval stages (two zoeal stages preceding a megalopa) and the duration of development (minimum of four days from hatching to first crab). The number of zoeal stages for pinnotherid species described to date ranges from 3 to 5, with only Tunicotheres moseri, Pinnotheres taylori, and Nepinnotheres pinnotheres known to also have only two zoeal stages. Morphology of the larval stages of O. barbatus is described, illustrated and compared to that previously described for larvae of the Pinnotherinae. Selected larval characters are proposed as typical larval features for this subfamily and are used to support separation of this group from the rest of Pinnotheridae.
The family Pinnotheridae, sensu stricto, is composed of approximately 274 species of small-sized crabs (Cuesta and Felder, unpublished data) . While most of them live in symbiotic association with other marine invertebrates like mollusks, echinoderms, annelids, and tunicates, their larval stages are free-living (Silas and Alagarswami, 1967; Schmitt et al., 1973 ). An exception is presented by Tunicotheres moseri (Rathbun, 1918) , in which developmental stages (two zoeae and the megalopa) are not released to the environment but instead are retained beneath the female abdomen until the first crab stage (Bolaños et al., 2004) .
The genus Orthotheres Sakai, 1969, contains six species: O. haliotidis Geiger and Martin, 1999; O. turboe Sakai, 1969; O. serrei (Rathbun, 1909) ; O. strombi (Rathbun, 1905) ; O. unguifalcula (Glassell, 1936) ; and O. barbatus (Desbonne, 1867) (see Campos, 1989; Geiger and Martin, 1999) . Orthotheres barbatus is the only representative of the genus that has been reported from Venezuelan coasts, specifically at the Los Roques Archipelago (Ramos, 1988) where this species lives in symbiotic relationship with the gastropod Cittarium pica (Linnaeus, 1758) . In the present study, morphology of the larval stages of O. barbatus is described, illustrated and compared to that in previoiusly described larvae of the Pinnotherinae. In addition, previously published data for larvae of 38 species presently recognized as members of the Pinnotherinae (see Marques and Pohle, 1995; Pohle and Marques, 1998; Cuesta and Felder, unpublished data) are analyzed, and a set of characters is defined for diagnosis of larvae in this subfamily.
MATERIALS AND METHODS
Ten ovigerous specimens of Orthotheres barbatus were extracted from the mantle cavity of the gastropod Cittarium pica. The hosts were hand-collected under rocks at the intertidal zone of several keys along the Los Roques Archipelago (118449450/118589360N, 668329420/668529270W), Venezuela, in December 2000 and transported to the laboratory where they were placed in individual 4-L aquaria until hatching. After release, the larvae were removed and cultured at ambient laboratory temperature (25-288C), using seawater (salinity 36-38) previously filtered with a 1-lL pore filter sleeve and sterilized by ultraviolet light (UVL). Although it has been shown that O. barbatus is a lecithothrophic species (Galindo et al., 2003) , freshly hatched nauplii of Artemia were provided ad libitum to larval cultures, in the event that lecithotrophy might be facultative. Dissections were made under a Wild M8 binocular dissecting microscope. Drawings and measurements were made using Olympus BH-2 and Zeiss Axioskop compound microscopes, each equipped with a camera lucida. For zoeal stages, carapace length (cl) was measured from the base of the rostrum to the posterior margin. For the megalopal stage, cl was measured from the base of the rostrum to the posterior margin, and carapace width (cw) was determined as the maximum width. Descriptions were arranged according to the standard proposed by Clark et al. (1998) .
Hatches were obtained from all ten of the ovigerous specimens collected. However, data used in the present study were limited to only the eight of these hatches in which the larval development was completed. Larvae from two broods hatched as nonviable prezoea, and this stage was considered abortive. Samples of larvae and a parental female were deposited in the Smithsonian Institution, National Museum of Natural History, Washington, D. C. (USNM 1021591).
RESULTS
Larval development of O. barbatus consisted of two zoeal stages and one megalopa before metamorphosis to the first crab stage. The first zoeal stage and the megalopa were described in detail with complete accounts of appendage setation; for the second zoeal stage, only major differences from the first zoeal stage were described.
Orthotheres barbatus (Desbonne, 1867) Zoea I (Fig. 1) Dimensions.-cl: 0.73 6 0.05 mm (range 0.70-0.75 mm).
Duration.-1 day. Carapace (Fig. 1A ).-Globose, smooth, without tubercles. Dorsal spine absent. Rostral spine present, shorter than antennule. Lateral spines absent. A pair of posterodorsal setae. Posterior margin without setae. Eyes sessile.
Antennule (Fig. 1B ).-Exopod slightly developed, unsegmented, with 3 aesthetascs (2 long, 1 short), all terminal. Endopod absent.
Antenna (Fig. 1A ).-Present as small bud (endopod).
Mandible (Fig. 1C ).-Well developed, with molar and incisor processes differentiated. Palp absent.
Maxillule (Fig. 1D ).-Coxal endite with 4 plumose setae. Basial endite with 5 setae (2 plumodenticulate and cuspidate, 3 plumodenticulate). Endopod 2-segmented, proximal segment without setae, and distal one with 4 (2 subterminal, 2 terminal) plumodenticulate setae. Exopod and epipod seta absent.
Maxilla (Fig. 1E ).-Coxal endite single lobed, with 6 plumose setae. Basial endite bilobed, with 5 þ 4 plumodenticulate setae. Endopod unsegmented, bilobed, 1 long plumodenticulate seta on proximal lobe, and 2 (1 subterminal, 1 terminal) long plumodenticulate setae on distal lobe. Scaphognathite with 5 plumose marginal setae and 1 long setose posterior process.
First Maxilliped (Fig. 1F ).-Coxa with 1 long plumose seta. Basis with 9 medial setae arranged 2, 2, 3, 2. Endopod 5-segmented with 1, 2, 1, 2, 5 (1 subterminal, 4 terminal) setae. Exopod unsegmented, with 4 long terminal plumose setae.
Second Maxilliped (Fig. 1G ).-Coxa without setae. Basis with 4 medial setae arranged 1, 1, 1, 1. Endopod unsegmented, with 0, 4 (1 subterminal, 3 terminal) setae. Exopod unsegmented, with 4 long terminal plumose setae.
Third Maxilliped (Fig. 1H ).-Biramous. Endopod and exopod present as undifferentiated buds.
Pereiopods (Fig. 1I ).-Present as buds, slightly segmented. First pair chelate.
Abdomen (Fig. 1J, K ).-Five abdominal somites. Somite 2 with transverse dorsal collar, its lateral extremes produced to form pair of dorsolateral processes. Somite 3 with pair of dorsolateral processes. Somite 1 with a long posterodorsal seta. Somites 2-5 with pair of posterodorsal setae. Somites 2-4 with pairs of pleopods present as undifferentiated buds, with rudiments of endopods.
Telson (Fig. 1J, K ).-Telson trilobed. Small triangularshaped process on incipient median lobe; lateral lobes each with smoothly denticulated margin and characteristic terminal plumodenticulate seta. Three pairs of short serrulate setae between median and lateral lobes on each side. Zoea II (Fig. 2) Dimensions.-cl: 0.76 6 0.02 mm (range 0.73-0.80 mm).
Duration.-2 days.
Carapace (Fig. 2A) .-A pair of anterodorsal setae. Eyes stalked.
Antennule (Fig. 2B ).-Biramous. Exopod with 9 (2 subterminal, 7 terminal) aesthetascs, and 2 (1 subterminal, 1 terminal) seta. Endopod bud present.
Antenna (Fig. 2C ).-Endopod bud elongated, internally showing slightly segmented antenna of the next stage.
Mandible (Fig. 2D ).-Unchanged.
Maxillule (Fig. 2E ).-Basial endite with 8 setae. Exopod present as long plumose marginal seta.
Maxilla (Fig. 2F ).-Coxal endite with 1 plumose seta changed into small simple seta. Basial endite bilobed, 5þ5 plumodenticulate setae. Scaphognathite with 14 plumose marginal setae.
First Maxilliped (Fig. 2G ).-Exopod unsegmented, with 6 long terminal plumose setae.
Second Maxilliped (Fig. 2H ).-Distal segment of endopod slightly segmented. Exopod unsegmented, with 6 long terminal plumose setae.
Third Maxilliped (Fig. 2I ).-Buds elongated, epipodite bud differentiated.
Pereiopods (Fig. 2J ).-Chelipeds and pereiopods segmented, without setae.
Abdomen (Fig. 2K,L ).-Three posterodorsal setae on first somite. Pleopod buds elongated, endopod well differentiated.
Telson (Fig. 2K,L ).-Unchanged from zoea I. Megalopa (Fig. 3) Dimensions.-cl: 0.63 6 0.02 mm (range 0.60-0.65 mm); cw: 0.62 6 0.03 (range 0.59-0.65 mm).
Duration.-1-2 days.
Carapace (Fig. 3A) .-Slightly longer than broad. Rostrum small, ventrally deflected (approximately 908), with median longitudinal depression. Cardiac and mid-posterior tubercles present. Setal arrangement as figured. Eyes stalked, with 1 seta on terminal outer margin.
Antennule (Fig. 3B ).-Peduncle 3-segmented, with 0, 1, 1 setae respectively. Endopod 2-segmented, proximal segment unarmed, distal segment with 1 subterminal and 3 terminal setae. Exopod 3-segmented, with 0, 5, 5 aesthetascs and 0, 1, 0 setae respectively. Antenna (Fig. 3C ).-Peduncle 3-segmented, without setae. Flagellum 2-segmented, proximal segment unarmed, distal segment with long terminal plumodenticulate seta.
Mandible (Fig. 3D ).-Cupped, smooth incisor process with thin cutting edge, molar process very reduced, with only 1 tooth well developed. Palp absent. Maxillule (Fig. 3E ).-Epipod seta absent. Coxal endite with 4 setae. Basial endite with 6 setae. Endopod unarmed. Exopod seta absent.
Maxilla (Fig. 3F ).-Coxal endite with 4 plumose setae. Basial endite not bilobed, with 6 plumodenticulate setae. Endopod single lobed, without setae. Scaphognathite with 21 plumose marginal setae.
First Maxilliped (Fig. 3G ).-Epipodite subtriangular, with 3 setose processes. Coxal endite with 2 plumodenticulate setae. Basial endite without setae. Endopod unsegmented, with 1 terminal seta. Exopod unsegmented, with 1 subterminal seta.
Second Maxilliped (Fig. 3H ).-Epipodite absent. Coxa and basis not differentiated, without setae. Endopod 4-segmented, with 0, 0, 1 and 2 plumodenticulate setae respectively. Exopod unsegmented, without setae.
Third Maxilliped (Fig. 3I ).-Epipod elongated, with 6 medial plumodenticulated setae and 5 long terminal setose processes. Coxa and basis not differentiated, without setae. Endopod 4-segmented, fused ischium-merus, carpus, propodus, and dactylus with 2, 2, 1, 1 plumodenticulated setae respectively. Dactylus inserted terminally on propodus. Exopod reduced to small unarmed rounded bud.
Pereiopods (Fig. 3J, K ).-All segments well differentiated and with setae as figured. Dacylus of pereiopods 2-5 with small spine subterminally.
Abdomen (Fig. 3A) .-Five somites, somite six fused to telson. Setation as figured. Somites 2-4 with 1 pair of biramous pleopods, each one with unsegmented endopod with 2 terminal cincinuli, and unsegmented exopod with 6 long marginal plumose setae (Fig. 3L) . Uropods absent.
Telson (Fig. 3A) .-Rounded posterior margin, with pair of mid-dorsal setae.
DISCUSSION
Incidence of abbreviated larval development within decapods is frequent and widespread across phylogenetic lines (Rabalais and Gore, 1985) . In brachyuran crabs, cases of abbreviated development have been described especially for the Xanthoidea (Hale, 1931; Wear, 1967; Siddiqui and Tirmizi, 1992) , Grapsoidea (Soh, 1969; Anger et al., 1995; Cuesta et al., 1999) , and Ocypodoidea (Rabalais and Cameron, 1983) . In the Pinnotheridae, there are only three cases reported, Nepinnotheres pinnotheres (Linnaeus, 1758) by Lebour (1928) and Atkins (1955) ; Pinnotheres taylori Rathbun, 1918, by Hart (1935) ; and Tunicotheres moseri by Bolaños et al. (2004) . All three of these species have two zoeal stages in contrast with 3-4 zoeal stages found in typical or regular development (sensu Gore, 1985) of the Pinnotherinae. This type of development may reflect habitat adaptation to freshwater, semiterrestrial, and terrestrial habitats (in marine lineages), highly variable environmental conditions (species living in estuaries, rockpools, bromeliads), or life in restricted and highly specific habitats such as occur in those Pinnotheridae with highly specific symbiotic relationships. The latter habitat description applies well to O. barbatus, which appears to live its adult life only as a commensal of the gastropod Cittarium pica in intertidal rockpools of somewhat disjunct sites in the Caribbean and Gulf of Mexico (Abbott, 1974; Rodríguez et al., 2003) . Two adaptations, abbreviated larval stages (two zoeal stages) and rapid development (4-5 days to reach first crab), likely enhance the probability for successful settlement in a new host.
A new arrangement of genera in the subfamily Pinnotherinae has been proposed by Campos (in prep.) on the basis of adult morphology and by Cuesta et al. (in prep.) on the basis of larval and molecular evidence. According to Campos (in prep.) only the genera Arcotheres Manning, 1993; Austinotheres Campos, 2002; Gemmotheres Campos, 1996; Nannotheres Manning and Felder, 1996; Nepinnotheres Manning, 1993; Orthotheres; Ostracotheres H. Milne-Edwards, 1853; Pinnotheres Bosc, 1802; Raytheres Campos 2004; Zaops Rathbun, 1900 ; and another two new genera (Campos, in prep.) belong to this subfamily. We are in general agreement with this proposition because larval and DNA sequence data support this new arrangement, with a few modifications. There are neither larval nor molecular data for Nannotheres, and Raytheres, so their position in the Pinnotherinae, s. str., is based solely on adult morphology. However, for the rest of the genera, there is clear larval evidence that groups them and allows their distinction from some other species that were formerly placed among the Pinnotherinae. Zoeal stages of the subfamily Pinnotherinae, s. str., are characterized by: (1) an antenna that is either absent or reduced to a small bud, with or without a small seta, but never with a welldeveloped protopod and/or exopod; (2) an abdomen that broadens significantly to the posterior, and that bears a peculiar transverse collar on somite two, with lateral portions of this feature ending in dorsolateral processes; and (3) a telson that is trilobed, with the telsonal plate broader than long, having convex lateral margins covered by denticles or crenulations, having the posterior-lateral angles usually produced as acute spines (or terminal plumodenticulate seta), and bearing a median ovate lobe of varied development. Megalopae are characterized by: (1) an antenna with a 2-segmented flagellum bearing one to three long terminal plumodenticulate setae only on the distal segment; (2) the dactylus of pereiopods not bifid but with small spines in some cases; and (3) an abdomen with the sixth somite not differentiated or fused to the telson.
Upon comparing larval morphology of the four Pinnotherinae with abbreviated development, we found two different groups, one composed of Orthotheres barbatus and Nepinnotheres pinnotheres and another comprising Pinnotheres taylori and Tunicotheres moseri. All of them share features characteristic of abbreviated development, like presence of pereiopod and pleopod buds in the first zoeal stage. However, there are clear differences in the morphology of some appendages, as well as in the abdomen and telson, that support their assignment to different subfamilies. According to Bolaños et al. (2004) , T. moseri should be removed from Pinnotherinae, s. str. (this genus is not considered in the new arrangment proposed for this subfamily by Campos, in prep.) . Also, Pinnotheres taylori does not fit the subfamily on the basis of larval morphology; its present assignment to the genus Pinnotheres is clearly incorrect, and its larval morphology suggests its placement much closer to Tunicotheres Campos, 1996; Tumidotheres Campos, 1989; and Calyptraeotheres Campos 1990 . We await comparative analysis of both molecular data and adult morphology to resolve its phylogenetic placement and most appropiate taxonomic treatment.
Larval stages of O. barbatus exhibit several characters in common with those of the genera Gemmotheres; Ostracotheres; Nepinnotheres; Pinnotheres, s. str.; and Zaops that support inclusion of O. barbatus in Pinnotherinae, s. str. However, its unique telson morphology separates it from all other previously described zoeae of the Pinnotherinae. While other zoeae known for this subfamily have the medial lobe of the telson well developed and thus typically longer than the lateral processes (or in some cases, forming an overall triangular structure), the medial lobe of the telson in zoeae of O. barbatus is incipient (not well developed) and bears a small triangular shaped process. Also, the presence of only three pairs of pleopods throughout development is a peculiar character presently known to occur only in Gemmotheres chamae (Roberts, 1975 ) (see Roberts, 1975) ; Pinnotheres aff. sinensis Shen, 1932 (see Yatsuzuka and Iwasaki, 1979) ; and Pinnotheres sinensis Shen, 1932 (see Konishi, 1983) .
